Although the airline industry has been studied extensively since passage of the Airline Deregulation Act of 1978, relatively little effort has gone into examining how hub location affects the level of service and degree of competition found at airports in the system. To help close'this gap, we investigate the geographic distribution of airline hub operations, the level of service, and the extent of competition at 112 major U.S. airports, extending previous work by Bauer (1987) and Butler and Huston (1989) . Our key innovation is that we derive our measures of service and competition from indicator matrices that describe each airline's route system.
Introduction
Many of the changes that have rocked the airline industry since passage of the Airline Deregulation Act of 1978 have received a great deal of attention from researchers. ' The emphasis has been on the effect of deregulation on airline fares, mergers, and the development of hub-andspoke route systems. Airlines have adopted hub-and-spoke networks to make more efficient use 9 of their equipment--a trend that is exemplified by modification of United Airlines' route structure between 1965 and 1989 (see figure 1).
Our focus in this paper is somewhat different. We investigate the geographic distribution of airline hub operations, the level of service, and the extent of competition at major U.S. airports, extending previous work by Bauer (1987) and Butler and Huston (1989) . Instead of using an aggregate measure of airline service, we utilize a new, comprehensive measure derived from individual airline route data. We then employ these data to develop and analyze new measures of competition at individual airports.
The first section of this paper utilizes information on nonstop service from the nation's 112 largest airports to examine the route structure of the 13 major U.S. airlines, to identify the location of airline hubs, and to measure the extent of competition at each fa~ility.~ Section I1 then develops a model of hub location, airline service, and concentration. Estimates of this model are presented in section III, and section IV summarizes our findings.
I. Characteristics of U.S. Airline Service
In this section, we use data on nonstop flights from airports in the nation's 100 largest metropolitan areas to determine the location of airport hubs.3 We choose to rely on our data rather than statements from the airlines because this allows us to impose uniform standards across carriers. In addition, we develop new airport-and route-based measures of industry concentration, which are used as dependent variables in the model discussed in section II.
Data
Our sample consists.of the airports, served by the major carriers, in the 100 most. populous Metropolitan Statistical Areas (MSAs) in 1987. 4 Because some of these regions contain more than one airport, a total of 112 facilities are incl~ded.~ Our data set indicates whether an airline serves a particular route, but provides no information about flight freq~ency.~ Thus, neither the level of actual activity nor passenger enplanements are captured. Still, we do have detail on routes and airlines not available in other data sets.7 We exploit the service data by airline and destination to compute measures of competition based on both overall service and route-by-route information.
While it is well known that most airlines have adopted some form of hub-and-spoke 3~ more extensive description of the data and a detailed analysis of each airline's route stnrcture'k be found in Bania, Bauer, and Zlatoper (1992) . 4~e used the Office of Management and Budget's 1988 deftnition of MSAs to form the list of qu.alifying regions.
SMany of the nation's largest MSAs are adjacent to another MSA (such as New York City and Newark, NJ). In such a case, the second MSA may contain another airport that is a potential substitute; however, even without a second airport, the combined economic activity of the two MSAs creates a greater demand for air service. Thus, we combined MSAs into larger metropolitan areas according to the Office of Management and Budget's 1988 definition of Consolidated Metropolitan Statistical Areas (CMSAs). This resulted in 10 metropolitan areas with multiple airports (a total of 26 airports). See table 1 for a complete listing.
6The sample includes a total of 12,432 possible routes. However. we collected data for only half of these and assumed that service was symmetric. For example, we held that if an airline serviced the Portland-Atlanta route, then it also serviced the Atlanta-Portland route. To check this, we selected one airline (American) and collected data for routes in both directions. The symmetry assumption was valid in all but one case. o or example, Bauer (1987) includes data on passenger enplanements by airport, but contains no destination or airline-specific information. system, the determination of what constitutes a hub is not straightforward.8 Our approach is to construct, for each airline and airport combination, an index of hub activity that measures the degree to which that airport is connected to the rest of an airline's network. For an airport-airline combination, the index is the percentage of other airports in the airline's route system that can be reached via nonstop service. Hub locations are well connected to an airline's network, while spoke airports are not. In a hub-and-spoke network, we would expect to find only a small number of airports that are well connected, many that are not well connected, and few in between.
Thus, the distribution of the hub index should be bimodal, with a large spike at low service levels (low hub-index values) and a much smaller spike at higher levels (high hub-index values). On the j other hand, if an airline does not use a hub-and-spoke system, we would expect to find a relatively steady decline in the distribution of the hub index.
Hub Locations
To determine hub locations, we examined the hub-index distributions for each airline (displayed in figure 2 ). We found that in almost all cases, the hub locations were easily identified, since, as expected, very few had high service levels, a large number had extremely low levels, and few fell in the middle. The exceptions were the relatively diffuse carriers, USAir, Alaskan Airlines, and Southwest. These airlines do concentrate their activity in a small number of airports, but there is a relatively steady decline in the hub-index distribution. Thus, determining the lower bound of what constitutes hub service for them is somewhat more difficult. For these airlines, we arbitrarily designated airports with higher levels of service as hubs.9 Table 2 reports the 44 airport-airline combinations that we classified as hub locations.
*~esearchers have taken several approaches to defining hubs. The Federal Aviation Administration (FAA) looks at total passenger hoardings. while Butler and Huston (1989) use a functional definition of a hub as an "airpon at which large blocks of incoming and outgoing flights are coordinated to create numerous potential connections." Our definition is also a functional one, based on an analysis of each airline's route structure. g~h e lower bound varied across airlines primarily because of airline size differences. In small route networks, high hub-index values are easier to obtain, larger airlines showed much greater variety in the size of their hubs.
This list represents only 35 airports, since some of these have more than one airline with hub activity. Column 3 reports the total number of airports in the sample served by a given airline, column 4 is the number of those airports that can be reached with a nonstop flight, and column 5 is the number that can be reached with a one-stop flight.
a
Most airports served by a given airline can be reached via a nonstop or a one-stop flight from the hub airports. This can be seen by comparing the sum of columns 4 and 5 with column 3. 
Measures of Competition
If the airline industry were perfectly contestable, there would be no point in calculating any measures of the extegt of competition, since such measures would have no meaning. Because no one has found that the airline industry meets these conditions--in fact, most studies show that the more competitors there are on a route, the lower fares tend to be--we construct various measures of the extent of competition based on the number of carriers offering seivice on a route or from an airport.10 Our measures do assign a large role for potential competition by treating infrequent service on a route in the same way as more frequent service.
We computed a measure of the overall degree of competition at each airport by losee Bailey, Graham, and Kaplan (1985) . Bauer and Zlatoper (1989) . Borenstein (1989) . Call and Keeler (1985) , Hurdle et al. (1989) . and Momson and Winston (1987) . calculating two versions of the Herfiindahl index for both nonstop and one-stop service." In table 3, we report the nonstop and one-stop service levels at each airport in the sample (columns 2 and 3), as well as the nonstop and one-stop Herfindahl index computed on the basis of overall service from an airport (columns 4 and 5). These measures are sensitive only to the level of service, not to the destination. The formula is where nroutesij is the number of nonstop routes from airport i for the jm airline.12 A similar measure (Hl,) was calculated for one-stop routes.
The main limitation of these measures is that they are not destination sensitive. For example, suppose an airport has 10 airlines each serving a different nonstop route. The Herfindahl index for this airport will be equal to its theoretical minimum for 10 carriers (1,000), even though there is no nonstop competition at the route level. Although these airlines are not competing directly at the route level, the presence of other airlines at a given airport represents potential competition in that providing new service on a given route is easier if an airline already has gate space. Thus, while this measure is not sensitive to the actual destinations of flights departing from a given airport, it does measure the potential competition posed by other airlines serving the same facility. This is an important distinction, because while deregulation has freed airlines to provide service on any route, acquiring gate space may be difficult or impossible at some airports.
An alternative measure of airport-level competition that is more sensitive to the actual In general, three patterns emerge from the Herfindahl indexes. First, one-stop competition is much greater than nonstop competition, whether airport-or route-based measures are employed.14 Second, the route-by-route measures indicate much less competition than do the overall indexes. Finally, the coefficients of variation indicate that there is much more fluctuation -in the level of competition for one-stop routes than for nonstop routes.
Model of Hub Location, Airport Service, and Competition
Here, we investigate what factors influence hub location, the level of service provided to an airport, and the degree of competition at each facility. A three-equation model of activity at an airport can be written as where H is a measure indicating whether an airport serves as a hub, S is the level of sewice, and C is the level of competition. Equation (1) is similar to the hub equation specified in B-auer (1987) and Huston and Butler (1990) , while equations (2) and (3) are introduced here. The presence of a hub carrier is likely to affect the level of service (S) and concentration (C) independently from the effect of regional economic activity (R), distance @), airport characteristics (A), and weather (W). Therefore, equations (2) and (3) are not part of a structural model and should be viewed as reduced-form equations. 15
14Strictly speaking, the one-stop Herfidahl index is bounded from above by the nonstop index, since we treat nonstop flights as competition for one-stop flights. See footnote 10.
151here are two possible approaches to this problem. One would be to use the fitted values from the estimation of equation (1) in equations (2) and (3) (Maddala [1983] ). The drawback to this is that the calculation of the standard emrs is not straightfomard, due to the nonlinearity of equation (1). An alternative approach is to derive maximum likelihood estimates. We intend to pursue both of these methods in future work.
A statistical summary of the variables used in the analysis, with definitions and data sources for each, appears in The likelihood that an airport will have a hub carrier depends in part on R, a vector of regional economic activity. Factors such as a larger population (POP), higher per capita income (INCOME), more business-and tourist-related travel (BUSTOUR), and a greater number of large corporate headquarters (CORP) increase the demand for air travel and thus should raise the level of service (S), as well as make the airport a more likely candidate for hub operations.
Our measure of business-and tourist-related travel (BUSTOUR) is constructed by regressing the log of the sum of employment in hotels (SIC 70) and amusement parks and recreational services (SIC 79) on the log of population and of per capita income. The residual from this regression, which captures the extent to which local economic activity is insufficient to support employment in SICS 70 and 79, can therefore be viewed as a gauge of business and tourist travel to a given airport.16
16The regression is log (EMW(kEMP79) = 15.4 + 0.89 log(P0P) + 1.27 log(INCOME),
where EMP70 is employment in hotels (SIC 70) and EMF79 is employment in amusement parks and recreational services (SIC 79). The adjusted r-squared is 0.89, and the standard errors appear in parentheses. All three coefficients are significant at the 1 percent level. The three airports with the largest residual from this regression are Las Vegas, Orlando, and Daytona Beach The three with the smallest residuals are Toledo, Fremo, and Dayton. By construction, the residual represents the portion of business and tourist travel that is unrelated to either population or income. For example, some portion of tourist travel to New Yo* City is related to characteristics of the city that stem in part from its large population and high income (such as myriad restaurants and culWal events). This stands in contrast to tourist travel to Orlando or Las Vegas, most of which is probably not related to population or income.
In the absence of hubbing activity, concentration should fall with increases in POP, to these airports were not limited, carriers would offer more service and would be more likely to set up hub-and-spoke operations. Concentration might then be higher because of the barrier to entry, or lower because regulators act to discourage concentration.
OTHER indicates the presence of mother airport in a given airport's economic region.
17we do not present results for two-or-more-stop flights because they closely mirror those for the one-stop routes.
18we also tried three other measures of distance: the sum of miles between a given airport and every other destination, weighted by the population of each destination; the sum of the natural log of miles between airports; and the sum of the natural log of miles between abports, weighted by the population of the destination. Each of these measures performed similarly to those reported here. W is a vector of weather-related variables. Good flying conditions should result in more service and thus a greater probability of having a hub carrier. To the extent that the weather is worse for flying, concentration may be higher. To control for these possible effects, we obtained data on the average number of days per year during which snowfall exceeded one inch (SNOW)
for each airport, as well as on the number of days per year that fog reduced visibility to less than one-quarter mile (FOG).20
Estimation
Using the data discussed above, we estimated equation (1) using logit rather than pr0bit.~1
The two techniques yield similar results, but the disturbance in the logit model allows for more outliers in the error term. Equations (2) and (3) were estimated in log linear form.
19,41though we defined this variable in a rather ad hoc way, our approach is equivalent to estimating the service equation with individual airport dummies for airports in regions having more than one facility, and then assigning MINOR to equal one when the coefficient on the airport dummy is significantly less than the coefficients for other airports in the region. 20rhe weather variables were divided by 365 so that they represented the portion of the year affected by these two conditions.
21~ecause the determinants of hub location, air service, and competition in Alaska and Hawaii are likely to differ from those for airports in the continental United States, all of the equations were estimated both with and without the Honolulu and Anchorage airports. We report regressions only for the sample excluding these two cities. since the results are similar. We find much more explanatory power, using either measure of concentration, for the one-stop equations. For such service, the results using airport-level measures indicate that concentration falls with population and business-and tourist-related activity, but rises for MINOR airports. Unexpectedly, FOG is associated with higher concentration levels, although the effect is only marginally sigmficant.
Hub Determinants
Using route-level measures, we find that population, income, and a better location decrease concentration, while the presence of another airport in the region and status as a MINOR airport tend to be associated with higher concentration levels.
An apparent paradox is that central location lowers concentration for one-stop routes, but raises it for nonstop routes. If an airport has a favorable location, it is more likely to be a hub and %f course, concentration should be measured at the regional level if one is interested in determining how much control over fares carriers might have.
to have highly concentrated nonstop service, because hub caniers tend to dominate service at their airports. But having a favorable location also means that other airlines (with hubs at other airports) will offer at least some service. Consequently, one-stop concentrations tend to be lower as a result of interhub competition.
\

IV. Summary
We use route-level data to develop measures of the degree to which airlines employ a huband-spoke route structure, and explicitly identify the location of airline hub activity using a new approach. Our data set allows us to develop airport-and route-specific measures of concentration that indicate a great deal of variance, particularly at the nonstop level. This is true even among airports having hub carriers.
We find that the location of airline hub activity is positively related to population and negatively related to distance from other airports. Regions that have access to international flights and that are desirable business and tourist destinations are also more likely to have hub caniers.
On the other hand, weather conditions, the presence of large corporate headquarters, per capita income, and airport slot restrictions play a very small role.
Our findings also show that service (as measured by the number of nonstop connections from a given airport) increases with population, favorable location, business-and tourist-related activities, and access to international flights. The presence of multiple airports in a metropolitan region tends to have just the opposite effect, as do weather, corporate headquarters, per capita income, and airport slot restrictions.
The results concerning the degree of competition are mixed, depending on the particular measure employed and whether the unit of analysis is nonstop or one-stop connections. The only consistent result is that concentration is higher at MINOR airports. Airports in more-populous regions that are frequented by business travelers and tourists have lower one-stop concentration measures; however, these factors do not appear to affect nonstop concentration. A favorable location lowers one-stop concentration measures, but raises nonstop concentration measures.
clevelandfed.org/research/workpaper/index.cfm
One explanation for this phenomenon is that while an airport in a favorable location has a higher I probability of attracting a hub carria that will dominate its nonstop service, it is also more likely clevelandfed.org/research/workpaper/index.cfm 
